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ABSTRACT 

MicroRNAs (mlRNAs) are involved in tlie regulation 
of multiple cellular processes. Changes of miRNA 
expression have been linked to the development of 
various diseases including cancer, but the molecu- 
lar events leading to these changes at different 
physiological conditions are not well characterized. 
Here we examined the intracellular events respon- 
sible for the miR-466h-5p activation in mouse cells 
exposed to glucose deprivation. MiR-466h-5p is a 
member of the miR-297-669 cluster located in 
intron 10 of Sfmbt2 gene on mouse chromosome 2 
and has a pro-apoptotic role. We showed that the 
time-dependant activation of miR-466h-5p, 
miR-669c and the Sfmbt2 gene followed the inhib- 
ition of histone deacetylation caused by glucose 
deprivation-induced oxidative stress. This oxidative 
stress causes the accumulation of reactive oxygen 
species (ROS) and depletion of reduced glutathione 
(GSH) that together inhibited histone deacetylases 
(HDACs) activity, reduced protein levels of HDAC2 
and increased acetylation in miR-466h-5p 
promoter region, which led to the activation of this 
miRNA. Based on this study and previous work, we 
suggest a possible role of miR-466h-5p (and miR 
297-669 cluster) in the cells during toxic metabolites 
accumulation. Improved characterization of the mo- 
lecular events that lead to the activation of 
miR-466h-5p may provide a better understanding 
of the relation between cellular environment and 
miRNA activation. 

INTRODUCTION 

MicroRNAs (miRNAs), small non-coding single-stranded 
RNAs (18-25 nucleotides) have been shown to regulate 



gene expression in various cellular processes and functions 
such as cell development, differentiation, metabolism, pro- 
liferation and apoptosis (1-3). Alterations in miRNA ex- 
pression profiles have been linked to cancer development 
and progression (1,4). Changes in miRNA expression 
profiles have also been explored as biomarkers for 
various diseases (5-7). 

Although the mechanisms of niiRNA-guided regulation 
of mRNAs expression have received considerable atten- 
tion (4,8), the molecular events leading to miRNAs acti- 
vation are not well known. Several studies demonstrated 
that miRNA expression can be regulated by transcription 
factors such as c-Myc, Hif-1 alpha, p53 and NF-kB (8-10). 
Some miRNAs were shown to be regulated by the inhib- 
ition of DNA methylation and histone deacetylation 
(11-13), but the molecular events leading to these events 
under different physiological conditions are not clear. 

In our previous study, we showed that the mouse miR 
297-669 cluster was activated in nutrient depleted condi- 
tions (2). This cluster is located in intron 10 of the mouse 
Sfmbt2 gene on Chromosome 2 and is composed of more 
than 40 miRNAs. All detected members of this cluster had 
low expression levels in CHO cells when grown in fresh 
media but were up-regulated in response to nutrients de- 
pletion. One member of this cluster, mmu-miR-466h-5p, 
was shown to have a pro-apoptotic role through targeting 
of several anti-apoptotic genes which led to Caspase-3/7 
activation and loss of cell viability. In another study, 
several other members of this cluster were up-regulated 
when mice liver were exposed to high acetaminophen con- 
centrations and therefore, these miRNAs were suggested 
as potential biomarkers for drug-induced liver injury (7). 
Another member of the miR 297-669 cluster, mmu- 
miR-669c, was shown to be associated with regulation of 
glutathione metaboUsm in the liver of aging mice (14). 

In the current study, we investigated the possibiUty 
that the low expression of miR-466h-5p in cells grown in 
fresh media may be the result of transcriptional silencing 
in the promoter region of this miRNA, and that its 
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up-regulation in nutrient-depleted conditions (2) is 
correlated to metabolic stress and changes in transcrip- 
tional regulation. Stress from intracellular toxicity is 
known to facilitate the accumulation of various reactive 
species, including reactive oxygen species (ROS), espe- 
cially when the concentration of intracellular reduced 
glutathione (GSH) is low (7,15) as GSH is known to neu- 
tralize ROS and other toxic metabohtes. We therefore, 
hypothesized that nutrient depletion leads to the accumu- 
lation of ROS and to GSH depletion that causes oxidative 
stress and loss of cellular detoxification capacity, trigger- 
ing miR-466h-5p activation. 

Glucose deprivation is a commonly investigated meta- 
bohc stress that induces signal transduction and gene ex- 
pression (16,17). Indeed, glucose deprivation was shown 
to cause cytotoxicity and oxidative stress in human cancer 
cells (17-19). The lack of intracellular glucose leads to 
production of intracellular ROS by uncoupling glucose 
metabolism from the oxidative transport chain activity. 
Mammalian cells were shown to respond to glucose 
deprivation by increasing glutathione synthesis to 
diminish ROS generation (i.e. H2O2). But prolonged 
glucose deprivation reduced NADPH regeneration, 
which is necessary to keep GSH in a reduced form (17). 

The accumulation of ROS can mediate the signal 
transduction cascade, the activation of stress kinases 
and substrates phosphorylation (16,19,20). Several 
studies have shown the reduced activity of histone 
deacetylases (HDACs) during oxidative stress (20-22). 
Histone deacetylase 2 was shown to be phosphorylated, 
ubiquitinated and degraded in response to oxidative stress 
induced by cigarette smoke (21). Reduction of HDACs 
activity leads to increased acetylation of histones which 
results in DNA uncoihng that allows the binding of tran- 
scriptional factors and increased gene expression 
(20,23,24). 

In this study, we demonstrate that glucose deprivation 
leads to accumulation of ROS in a time-dependent 
manner that decreases HDACs activity and particularly 
reduces levels of HDAC2. The inhibition of HDACs 
activity results in the increased acetylation of 
miR-466h-5p promoter region and up-regulation of this 
miRNA. This study presents a novel approach hnking 
the regulation of miRNA expression to the molecular 
events at the known physiological condition. 

MATERIALS AND METHODS 

Cell culture 

Mouse cell fines (B/CMBA.Ov) were purchased from 
ATCC, Manassas, VA, USA (Cat. No. CRL-6331_FL) 
and grown in DMEM media supplemented with 5% 
non-dialyzed fetal bovine serum (Life Technologies, 
Gaithersburg, MD, USA). Cells were grown in 37°C, 
5% CO2 humidified incubator. Prior to any treatment, 
cells were counted (Cedex Roche, Indianapofis, IN, 
USA) and 8x10^ cells were seeded in 100-mm tissue 
culture dishes and grown for 3 days in DMEM supple- 
mented with 5% dialyzed serum (Life Technologies, 
Gaithersburg, MD, USA). 



Cells treatment with chromatin-modifying drugs 

Cells in 100 mm tissue culture dishes were treated with 
1 |.iM or 3 |.iM 5-aza-2'-deoxycytidine (Sigma-Aldrich, 
St. Louis, MO, USA) and/or 1 mM and 3mM 
4-phenylbutyric acid (Sigma-Aldrich, St. Louis, MO, 
USA) (12). The drugs were dissolved in 70% ethanol at 
500-1000 times their above indicated final concentration 
in the media. CeUs were washed three times with PBS and 
7 ml of fresh DMEM + 5% dialyzed serum media contain- 
ing epigenetic drugs alone or in combinations were added 
to the plates. Two plates were used as controls: one con- 
tained the same amount of drug-free and solvent-free fresh 
media, and the other contained the maximum relative 
amount of solvent (without drugs). All measurements 
were performed 24 h after drug treatments. 

Glucose deprivation treatment 

Cells grown in 100 mm dishes in DMEM + 5% dialyzed 
serum media were rinsed 3 times with PBS. A quantity of 
7 ml of glucose-free DMEM (Life Technologies, Gaith- 
ersburg, MD, USA) supplemented with 5% dialyzed 
serum were added to the plates and the samples were 
taken at specified time points. For control growth condi- 
tions, fresh glucose-containing DMEM + 5% dialyzed 
serum was added instead of glucose-free media, and 
samples were taken after 24 h. 

Hydrogen peroxide treatments 

Cells grown in 100 mm dishes in DMEM + 5% dialyzed 
serum media were washed 3 times with PBS. Hydrogen 
peroxide (H2O2) solutions at concentrations of 1-5 mM 
were prepared in DMEM + 5% dialyzed serum media 
from concentrated stock (8.821 M) purchased from 
Cefi Biolabs, San Diego, CA, USA (Part No. 234102). 
A quanrity of 7 ml of the media containing respective 
amounts of H2O2 were then added to the plates and 
cells were incubated for 1, 5, 12 and 24 h. 

RNA isolation and qRT-PCR analysis 

Total RNA was isolated from the samples using 
miVVana™ miRNA isolation kit. Life Technologies, 
Gaithersburg, MD, USA (Cat. No. AM 1561). 
qRT-PCR analysis of the Sfmbt2 gene and miR-466h-5p 
were performed in Prism 7900H Sequence Detector 
(Applied Biosystems, Carlbad, CA, USA) with 40 ampli- 
fication cycles according to manufacturer's protocols. The 
Sfmht2 gene quantification was done using TaqMan® 
mRNA assay from Life Technologies (Assay ID: 
Mm00616783_ml) and normalized to 18S levels (Life 
Technologies, Assay ID: Hs99999901_sl) in the respective 
sample. The mmu-miR-466h-5p and miR-669c quantifica- 
tion was done with TaqMan® microRNA assays (Life 
Technologies, Assay ID: AM002516 and Assay 
ID:AM002646), normalized to mmu-let-7c levels (Life 
Technologies, Assay ID: AM00379) and analyzed as pre- 
viously described (2). 
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Intracellular ROS detection 

Intracellular ROS concentration was measured using 
OxiSelect™ Intracellular ROS Assay Kit with green fluor- 
escence (Cell Biolabs, San Diego, CA, USA; Cat. No. 
STA-342). The ceUs were exposed to glucose-free media 
as described above for a specified time. The ceUs were 
harvested, washed with PBS, resuspended in 1 ml PBS 
and incubated with and without 2',7'-dichlorodihydro- 
fluorescin diacetate (DCFH-DA) probe (20|iM) for 
45min at 37°C with gentle vortexing in a thermal 
mixer. Non-fluorescent DCFH-DA probe diffuses to 
the cells and gets cleaved to non-fluorescent DCFH, 
which is rapidly oxidized to highly fluorescent 2',7'- 
dichlorofluorescin (DCF) by ROS. Cells were then 
washed and resuspended in PBS. Flow cytometry 
analysis was done using ExpressPlus assay in Guava 
Easycyte 5HT (Millipore, Billerica, MA, USA). Cells 
were excited with blue laser at 488 nm and green fluores- 
cence was determined. Dead ceUs and debris were gated 
out by forward and side scatter. The signal was first 
adjusted with unlabeled cells to fluorescence values 
below 10 (red markers in figure 4). The mean fluorescence 
intensity (MFI) of DCF in the labeled cells (green marker 
in Figure 4) corresponded to the respective levels of intra- 
cellular ROS. 

Estimation of intracellular reduced GSH concentration 

Cells were exposed to glucose-free media as described 
above. GSH levels were measured with GSH detection 
kit (MiUipore Cat. No. APT250). The kit uses 
monochlorobimane (MCB) dye that fluoresces blue upon 
thiol binding and has a high affinity to GSH. The treated 
cells were collected, washed with ice-cold Wash Buffer, 
resuspended in Lysis buffer, incubated on ice and 
centrifuged. The lysates were mixed with MCB in 
96-well plates and incubated at room temperature for 
1.5 h. The florescence was read in the SPECTRAmax 
GEMINI-XS (Molecular Devices, Sunnyvale, CA, USA) 
spectrofluorometer using the 380-/460-nm filter set. 

Measurement of HDACs activity 

FoUowing incubation in glucose-free media, the cells were 
collected and washed with PBS. Nuclear extracts were 
prepared using the NE-PER® extraction kit (Thermo 
Scientific, Rockford, IL, USA; Cat. No. 78833) and 
protein levels were quantified by the bicinchoninic acid 
(BCA) protein assay (Thermo Scientific, Cat. No. 23227). 
HDACs activity was measured using a colorimetric assay 
kit (Enzo Life Sciences, Farmingdale, NY, USA; Cat. No. 
BML-AK501). The kit uses Color de Lys substrate con- 
taining deacetylated lysine side chain and is incubated 
with the nuclear extract. Deacetylation sensitizes the sub- 
strate and it produces a yellow chromophore upon treat- 
ment with a developer. A standard curve was first 
prepared using known amounts of the deacetylated 
standard included in the kit. The nuclear extracts (25 |ig 
of protein) were incubated with 0.5 niM substrate in 
half-volume 96-weU plates for 1 h at 37°C with gentle 
mixing. Developer solution was then added to the plate 



and the plate was incubated at 37°C for additional 15min. 
Absorbance was analyzed with the SPECTRAmax 190 
(Molecular Devices, Sunnyvale, CA, USA) plate reader 
at 405 nm and the values were related to known amount 
of deacetylated standard (Figure 3). HeLa cells nuclear 
extract was used as a positive control. 

Western blot analysis of HDAC2 

Following incubation in glucose-free media, the cells were 
collected and washed with PBS. Cells were lysed with 
RIPA buffer (Sigma, St. Louis, MO, USA; Cat. No. 
R0278) and protein levels were quantified by the BCA 
protein assay (Thermo Scientific). Protein samples (25 ^ig 
for each sample) were run on SDS-PAGE with P-actin 
used as the loading control. HDAC2 and p-actin were 
first detected with primary antibodies (Santa Cruz bio- 
technology, Santa Cruz, CA, USA; Cat. No. sc7899 and 
Abeam, Cambridge, MA, USA; Cat. No. ab6276, respect- 
ively) and then visualized using secondary antibodies 
conjugated with horseradish peroxidase. 

QChiP assay 

Chip assay was performed using the SimpleChiP™ 
Enzymatic Chromatin IP Kit (magnetic beads) from CeU 
Signaling Technology, Danvers, MA, USA (Cat. No. 
9003) according to the manufacturer's protocol. The 
cells were exposed to glucose deprivation for indicated 
time, collected, cross-linked with fresh formaldehyde 
(MG Scientific, Pleasant Prairie, WI, USA; Cat. No. 
2106-01), and treated with glycine to stop the cross- 
hnking. At least 15 million of viable cells were used for 
each time point. Cells were resuspended and chroma- 
tin was fragmented by partial digestion with micrococ- 
cal nuclease. Nuclei were then broken by sonication 
using Ultrasonic Liquid Processor XL-2020 (Qsonica, 
Newtown, CT, USA) equipped with 1/16-inch probe at a 
setting of 2.5 and 3 sets of 15-s pulses, the lysates were 
centrifuged and the supernatant was collected. The chro- 
matin concentration was determined after DNA purifica- 
tion from supernatant sample; its size was verified by 
gel electrophoresis to be between 1 and 5 nucleosomes 
(150-900 bp). The equivalent of ~15|ig of chromatin 
was diluted and incubated with either non-specific 
negative control normal rabbit IgG (Cell Signahng, Cat. 
No. 2729), positive control histone H3 rabbit mAb 
(pc-H3) (CeU Signahng, Cat. No. 4620) or anti-acetyl- 
histone H3 rabbit polyclonal Ab (Millipore, Cat. No. 
17-615) overnight at 4°C with rotations. A quantity of 
2% of each sample was removed before Ab incubation. 
Chromatin was then eluted, reverse cross-hnked and DNA 
was purified. DNA from the 2% sample was also purified 
and used as control for quantitative qRT-PCR analysis. 
Quantitative analysis was done using SYBR detection in 
Prism 7900H Sequence Detector (Life Technologies) with 
SYBR® Green PCR Master Mix (Life Technologies, Cat. 
No. 4309155) according to manufacturer's protocol. 
Primers for qRT-PCR detection were selected within the 
predicted miR-466h transcription start site (25) and 
yielded 101 bp PCR product (forward: 5'-GTAGACTTG 
GTGAGTTAGAAGGCT-3', reverse: 5'-GTGTGCAAT 
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CTTCTCTTTCCAAGG-3'). The fraction of DNA in the 
sample that was immunoprecipitated with Anti-Ac-H3 
was normaHzed to the amount of total DNA in the 
sample (2% sample) and the amount of DNA was 
immunoprecipitated with non-specific negative control 
Ab (nc-Ab) as previously described (12). The pc-H3 
mAb was used as an additional positive control for 
histone H3 detection and for qRT-PCR stringency verifi- 
cation. Pc-H3 precipitated DNA amounts in the 
miR-466h promoter areas were consistent with the 
amounts of total DNA in the respective samples. 

RESULTS 

Activation of miR-466h-5p and the Sfmht2 gene by 
histone deacetylases inhibition 

The expression of several microRNAs in mammalian cells 
has been shown to correlate with DNA methylation and 
histone modifications (1 1-13). It was, therefore, intriguing 
to test the effect of the DNA-demethylating agent 5-aza- 
2'-deoxycytidine (Aza) and the histone deacetylases 
(HDACs) inhibitor, 4-phenylbutyric acid (PBA) on the ac- 
tivation of miR-466h-5p. Given that intronic miRNA(s) 
(or miRNA clusters) are known to be co-regulated with 
the embedding gene, the activation of Sfmbt2 was also 
examined. Figure 1 shows the expression profiles of 
miR-466h-5p and Sfmbt2 gene following treatment with 
PBA and Aza. The expression of Sfmbt2 and miR-466h-5p 
was significantly increased by PBA, whereas it was not 
significantly affected by Aza alone or in combination 
with PBA (Figure lA and B). About 1 and 3mM 
of PBA in the media resulted in 3.5- and 8.1 -fold 
induction of Sfmbt2, respectively, and 1.3- and 3.1 -fold 
induction of miR-466h-5p. It is, therefore, possible 
that reduced levels of HDACs caused the increased 
expression of miR-466h-5p and Sfmbt2 through 
increased histone acetylation and transcriptional activa- 
tion (20,26). 

Effects of glucose deprivation on miR-466h-5p expression 
and HDACs activity 

In our previous studies, we showed that miR-466h-5p was 
activated when mammalian cells were exposed to 
nutrient-depleted conditions (2). In order to examine if 
altered glucose metabohsm played a role in the activation 
of miR-466h-5p, the levels of this molecule were measured 
following glucose deprivation in mouse cells. Shown in 
Figure 2A is the time-dependent profile of niiR-466h-5p 
during exposure to glucose-free media; this miRNA was 
up-regulated after 25 h of glucose-free media exposure. 
The 3.7- to 4.4-fold up-regulation of miR-466h-5p after 
45 h of glucose-free media exposure was comparable 
with its activation by 3mM of PBA (Figure IB). Shown 
in Figure 2B is the time-dependant profile of another 
member of the miR 297-669 cluster, miR-669c, during 
exposure to glucose-free media. The up-regulation of 
miR-669c (3.8- to 4.3-fold after 45 h) and Sfmbt2 was 
similar to the miR-466h-5p activation profile during 
glucose deprivation (Figure 2B and C). 



To determine if the reduction of HDACs activity cor- 
relates with miR-466h-5p induction by glucose depriv- 
ation, HDACs activity and the protein levels of HDAC2 
were measured during the glucose deprivation. Shown in 
Figure 3A is the time-dependant reduction of HDACs 
activity in cells exposed to glucose-free media. HDACs 
activity was reduced by >2-fold in mouse cells at and 
after 45 h of glucose-free media exposure compared with 
its activity in glucose-containing media. The protein levels 
of HDAC2 were also reduced following glucose depriv- 
ation (Figure 3B). This suggests that the reduction of 
HDACs activity during glucose deprivation can cause an 
increased histone acetylation and transcriptional activa- 
tion, which leads to miR-466h-5p induction. 

Accumulation of ROS during glucose deprivation 

Glucose deprivation has been shown to induce cytotox- 
icity and metabolic oxidative stress as a result of increased 
concentrations of pro-oxidants and decreased intracellular 
levels of reduced GSH (16,18,19,27). It was shown previ- 
ously that limited intracellular glucose caused the accu- 
mulation of reactive oxygen species (ROS) such as 
H2O2, "OH, and O2' which can mediate glucose 
deprivation-induced oxidative stress (18). To examine 
the effect of glucose depletion on the mouse cells studied 
here, the concentrations of both ROS and reduced GSH 
were determined. Shown in Figure 4 are the 
time-dependent screens of intracellular ROS in glucose- 
depleted media conditions. The MFI of the DCF- 
labeled population of the mouse cells (shown in green) 
was time-dependent and directly proportional to intracel- 
lular levels of ROS. The 2.1- and 2.8-fold increase of intra- 
cellular ROS levels was observed at 45 and 50 h of glucose 
depletion, respectively compared with fresh media growth 
conditions. 

Depletion of GSH in the mouse cells as a result of 
exposure to glucose-free media is shown in Figure 5. 
The time course levels of intracellular GSH levels 
(3.4- to 15.2-fold reduction) inversely correlated with the 
accumulation of the intracellular ROS (Figure 4) and the 
activation of miR-466h-5p (Figure 2A). These findings 
suggest that exposure of mouse cells to glucose-free 
media resulted in onset of oxidative stress shown by 
increased intracellular ROS generation and decreased 
rate of their removal hkely due to GSH depletion. 

Activation of niiR-466h-5p by cells treatment with H2O2 

As was shown above, glucose deprivation led to intracel- 
lular ROS accumulation (Figure 4) and to miR-466h-5p 
induction (Figure 2A). To verify if ROS alone can cause 
miR-466h-5p activation, mouse ceUs were treated with the 
pro-oxidant, H2O2, which is known to induce oxidative 
stress in mammahan cells, (15,17,22) and miR-466h-5p 
expression levels were determined. No significant 
up-regulation of miR-466h-5p was observed after 1, 
5 and 12h of cell treatment with 1-5 mM of H2O2 (data 
not shown). However, miR-466h-5p expression levels were 
significantly increased (1.8- to 5.3-fold) when the cells were 
exposed to 3 mM and higher concentrations of H2O2 for 
24 h (Figure 6). Furthermore, activation of miR-466h-5p 
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Figure 1. Expression of Sfmht2 gene and miR-466h-5p after 24 h of treatment with 1 mM and 3mM of PBA and/or 1 |.iM and 3 |rM of Aza. 
(A) Relative expression of Sfmhtl gene with 18S as a control for 2^***^' analysis. (B) Relative expression of miR-466h-5p with let-7c as a control 
for 2-''''° analysis. 



by 5mM of H2O2 was comparable with its activation 
by PBA and glucose deprivation at later times (50 h). 
The exogenous oxidative stress induction with 5mM 
H2O2 for 24 h also reduced the HDACs activity to 
levels comparable with its activity at 45 and 50 h of 
glucose-free media exposure (data not shown). Hence, 
the induction of miR-466h-5p can be Unked to decreases 
in HDACs activity associated with ROS during the oxi- 
dative stress. 



Increased acetylation of histone 3 is associated with 
miR-466h-5p promoter area 

As the acetylation of histone H3 is associated with tran- 
scriptional activation and gene expression (23,26,28) the 
acetylation of histone H3 around the predicted transcrip- 
tion start site of miR-466h-5p (25) was evaluated. Shown 
in Figure 7 is the relative amount of histone H3 acetyl- 
ation associated with the miR-466h-5p promoter region as 
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Figure 2. Time course expression of miR-4661i-5p, niiR-669c and Sfmbt2 gene as a function of exposure to glucose-free media. (A) and (B) Relative 
expression of miR-466h-5p and miR-669c, respectively with let- 7c as a control for 2^^^*"' analysis. (C) Relative expression of Sfmht2 gene with 18S 
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a function of the time the cells were exposed to 
glucose-free media. No significant changes in histone H3 
acetylation of the miR-466h-5p promoter region was 
observed within the first 25 h of glucose-free media 
exposure. However, compared with fresh media growth 
conditions, acetylation of histone H3 was increased by 
31, 44 and 59% after 35, 45 and 50 h exposure to 
glucose-free media, respectively (Figure 7). HDACs 
activity is known to be inhibited by oxidative stress and 
ROS accumulation (20-22,29). It is, therefore, possible 
that glucose deprivation-induced oxidative stress inhibits 
HDACs activity leading to increases in the acetylation of 
histone H3 in the miR-466h-5p promoter area and 
enhanced gene transcription and up-regulation of this 
miRNA. 

DISCUSSION 

miRNAs were found to be involved in regulation of 
multiple processes including cell differentiation, prolifer- 
ation, metabolism and death (30,31), and alteration of 
their expression has been linked to cancer development 
and progression. Some studies have shown that miRNAs 
are frequently down-regulated or deleted in different 



cancers, an indication of their role as tumor suppressors 
(30,32,33), while other miRNAs have an oncogenic role 
and their inhibition can serve as a possible therapeutic 
approach (31,34,35). Elucidating the mechanisms 
controUing miRNAs' expression at different physiological 
and pathophysiological conditions will lead to a better 
understanding of the utilization of these molecules in 
controUing of cellular processes. 

DNA modifications have been shown to have significant 
effects on development of human diseases (23) and several 
molecules that alter DNA methylation or modifications 
of histones are being evaluated as therapeutic agents 
(23). As several miRNAs were previously shown to be 
up-regulated by the inhibition of DNA methylation and/ 
or inhibition of HDACs activity (11-13), we first tested 
which alteration affected miR-466h-5p activation. 
Treatments of mouse cells with 3 mM of PBA (HDACs 
inhibitor) resulted in up-regulation of miR-466h-5p and its 
embedding gene, Sfmht2 (3.2- and 8.1 -fold, respectively). 
Inhibitors of HDACs (HDACi) have been explored for 
clinical applications as anti-cancer agents due to their 
abihty to induce cell cycle arrest, cells differentiation and 
apoptosis (36-38). However, even though these agents are 
known to activate genes transcription, they are cytotoxic 
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to the cells and there is no clear understanding of the 
extent of their activity (23). Understanding the role that 
HDACi play in miRNAs expression may enable better 
design of therapeutic tools for targeting specific diseases. 

In the next step, we proposed the successive molecular 
events that caused the activation of the miR-466h-5p in 
mouse cells exposed to glucose deprivation. We evaluated 
the specific effect of glucose-free media exposure on the 
expression of miR-466h-5p; following 50-h exposure of 
niiR-466h-5p and its embedding gene, Sfmht2, were 
up-regulated 4.4-and 15-fold, respectively together with 
reduction of HDAC2 concentration and 2.1 -fold 
decrease of HDACs activity. Then, we showed that the 
HDACs inhibition led to 59% increase of histone H3 
acetylation in the miR-466h-5p promoter area, which 
resulted in activation of this miRNA. We also showed 
that exogenous induction of oxidative stress by H2O2 led 
to activation of miR-466h-5p and HDACs inhibition and 
verified that glucose deprivation caused the metabolic oxi- 
dative stress onset via accumulation of ROS (2.8-fold 
increase) and depletion of GSH (15.2-fold decrease). 



Shown in Figure 8 is a general outline of the suggested 
miR-466h-5p activation: transcriptional activation of this 
miRNA followed the reduction of HDAC2 activity and 
increased acetylation in miR-466h-5p promoter region 
caused by glucose deprivation-induced metabohc oxida- 
tive stress. Although we showed that glucose deprivation 
activated miR-466h-5p, more research needs to be con- 
ducted to determine the specific activation mechanism. It 
may be worthwhile to investigate the activation of specific 
kinases by ROS leading to post-translational modifica- 
tions and the inhibition of specific HDACs involved in 
silencing of miR-466h-5p promoter region. 

Several members of the miR 297-669 cluster, including 
miR-466h-5p, were also shown to be induced by acet- 
aminophen cytotoxicity (7) which, together with our ob- 
servation of miR-466h-5p induction by oxidative stress, 
indicates a possible role of this cluster during accumula- 
tion of toxic metabolites. The up-regulation of this 
miRNA cluster may be an indication of reduced cellular 
detoxification capacity and may be explored as bioniarker 
for drugs-induced cellular injuries (7). As miR-466h-5p 
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was previously shown to have a pro-apoptotic role by 
down-regulating several anti-apoptotic genes including 
bcl2l2, birc6, cladl, smo and statSa, (2) and given the fact 
that clustered miRNA are usually transcribed together as 
polycistronic transcripts to regulate genes with similar 
functions (31,39), the miR 297-669 cluster may be 
induced in mammalian ceUs exposed to cytotoxic condi- 
tions. This induction could be inhibited during oncogenic 
transformation as cancer development is known to result 
from the loss of oxidative stress defense mechanisms 
(27,40,41). As the predicted transcription start sites for 



all members of the miR 297-669 cluster is located 
directly upstream of Sfmbt2 gene (25), all members of 
this miRNA cluster may be co-transcribed in response to 
cytotoxic stimuh; the up-regulation of both miR-466h-5p 
and miR-669c by glucose deprivation (Figure 2A and B) 
supported this assumption. The Sfmbt2 gene belongs to 
the Scm-family of Polycomb transcriptional repressor 
genes and has four mbt domains known to have tumor 
suppressor activity (42,43). This gene has been implicated 
in development of brain tumor and neurological disorders 
(42,44). Although the inhibition of some Polycomb group 
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proteins was shown to be associated with the inhibition of 
HDACs activity (45), the Sfmht2 gene was previously 
shown to be activated by valproate, the mood stabilizer 
known to increase acetylation of histone H3 in mouse 
brain cells (43,46), and to selectively reduce the levels of 
HDAC2 (47). Further studies need to be conducted to 



verify the activation of the other miR 297-669 cluster 
members and to elucidate the role of Sfmbt2 gene in this 
activation. 

Our study is a novel approach to link the miRNA acti- 
vation to a known physiological condition and it shows 
the importance of understanding the mechanisms of 
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miRNAs activation. Together with previous reports, it 
suggests a potential role of miR 297-669 cluster and its 
embedding gene, Sfmbt2, in development of various 
diseases (2,7,42,44). 
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